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Cucurbits are important crops in the agricultural economy with more than 110,000 hectares 
of cucumber, melon, pumpkin, and squash cultivated annually for fresh and processing markets in 
the United States (NASS 2015). Cucumbers provide a good source of vitamins A, K, and C, as 
well as large amounts of potassium. Pumpkins are an excellent source of carotenoids and vitamins 
A, B6, C, and E, as well as iron, magnesium, phosphorous, potassium, copper, and manganese.  
Many plant pathogens can affect cucurbit crops and destroy entire fields. Bacterial wilt of 
cucurbits, caused by Erwinia tracheiphila (E. F. Smith) Holland, is considered one of the most 
destructive diseases of cucurbits grown in the Midwestern and Northeastern U.S., and losses can 
go as high as 80% (Rojas et al. 2015). This disease is present in the United States, Europe, South 
Africa, and Japan (Agrios 2005). Among all the genera in the Cucurbitaceae family, two have been 
the focus of research with this pathosystem: 1) Cucumis, the genus of melon and cucumber, the 
center of origin of which is in Africa and India; and 2) Cucurbita, the genus of pumpkin and 
squash, the center of origin of which is in the Mesoamerica (Sebastian et al. 2010). Watermelon 
(Citrullus genus) was an unknown host until recent report of its occurrence in New Mexico 
(Sanogo, Etarock, and Clary 2011). Management of this disease has relied on the use of 
insecticides and row covers, among other approaches described in depth in Rojas et al. (2015).  
Host colonization dynamics remain unclear for this understudied pathogen. The pathogen 
is introduced via feeding wounds caused by its insect vectors, both striped (Acalymma vittatum 
(F)) and spotted (Diabrotica undecimpunctata howardi Barber) cucumber beetles. These beetles 
feed on all cucurbit plant parts through the growing season. The pathogen is transmitted via the 
vector’s feces deposited in or near beetle feeding wounds (Brust 1997a, 1997b; Yao et al. 1996). 
Younger plants are more susceptible than older ones and can wilt within 6 days after infection (Liu 
et al. 2013). Wilting occurs due to the multiplication of bacteria inside xylem tissue, blocking 
water movement (Koike, Gladders, and Paulus 2007). Erwinia tracheiphila colonization alters 
foliar volatile emissions. Cucumber beetles are attracted to volatiles from wilting foliage; however, 
the vectors are more attracted to volatiles of flowers of healthy plants, indicating an efficient way 
for dispersal of this pathogen from plant to plant (Shapiro et al. 2012). Understanding the plant-
pathogen interaction at different crop stages, and how the decrease in plant susceptibility occurs 
as plants age can have useful implications for disease management.  
Erwinia tracheiphila has been studied for more than a century. Preference of an E. 
tracheiphila strain isolated from muskmelon to infect cucumber over squash was reported as early 
as 1905 (Smith 1911). However, only recent reports showed genetic variability among E. 
tracheiphila strains associated with a preference for colonizing hosts in the genus from which they 
were isolated. Genetic variability was reported among 69 strains isolated from five different 
species, with a distinct pattern between Cucumis and Cucurbita genera. Summer squash seedlings 
inoculated with Cucurbita-derived strains wilted 6 days after inoculation, while those inoculated 
with Cucumis-derived strains showed few or no wilting symptoms. Symptomatic plants wilted 18 
days after inoculation. When muskmelon seedlings were inoculated with a Cucurbita-derived 
strain, symptoms developed approximately 11 days later than seedlings inoculated with a Cucumis-
derived strain (Rojas et al. 2013). A similar study performed by Nazareno and Dumenyo (2015) 
showed similar results for cross-inoculation studies. The differences between productive and non-
productive plant colonization are not yet very well understood. A bioluminescent strain of a 
Cucumis-derived E. tracheiphila was constructed to describe colonization dynamics in melon, 
cucumber, squash, and pumpkin plants (Vrisman et al. 2016). The study by Vrisman et al. (2016) 
was the first to describe, visualize, and quantify the colonization dynamics of E. tracheiphila inside 
preferred and non-preferred cucurbit hosts. 
Bioluminescence imaging permits real-time and non-destructive monitoring of bacterial 
colonization, thus providing reliable analysis of pathogen location while reducing host variability. 
The technique relies on constructing bacterial strains harboring the lux operon. Transformed cells 
emit photons that can be captured by a sensitive charge coupled device (CCD) camera allowing 
visualization of bacterial cells within plant tissue. Natural light emission is encoded by the 
luxCDABE genes, where luxA and luxB are responsible for coding α and β subunits, respectively, 
of the catalytic enzyme. The three other genes (luxC, luxD, and luxE) encode the subunits of a fatty 
acid reductase (Meighen 1993; Stewart et al. 1992; Xu et al. 2010). The bioluminescent system is 
best studied in Photorhabdus luminescens, which is known to possess the lux operon (Kassem et 
al. 2014). 
Bacteria transformed with bioluminescent genes were first used to study pathogenesis in 
animals. The use in plant pathogens is recent and it has been reported for other pathosystems within 
the Erwinia genus, for example, where bioluminescent E. amylovora was used to study 
colonization of apple plants (Bogs et al. 1998, Azegami et al. 2004). Bioluminescent bacteria were 
also used to study the colonization dynamics of E. ananas in rice plants (Hasegawa et al. 2003). 
Bioluminescence was also used to describe colonization of potato plants by the destructive 
pathogen Ralstonia solanacearum. Latent infections were detected, indicating that colonization of 
potato plants occurs well before symptom expression (Cruz et al. 2013). Colonization of tomato 
plants by Gram-positive bioluminescent Clavibacter michiganensis subsp. michiganensis was first 
demonstrated by Xu et al. (2011), who described upward and downward movement of this 
pathogen and differential response to relative humidity in growing environments. 
Vrisman et al. (2016) developed a bioluminescent strain of E. tracheiphila that was used 
to study its colonization via different routes of inoculation and to understand the colonization 
dynamics of a Cucumis-strain when inoculated on different cucurbit hosts. The wild type strain 
used, TedCu10, was isolated from Cucumis sativus (cucumber). Cells of TedCu10 were 
transformed by electroporation of a plasmid carrying the bioluminescence genes. Transposon 
plasmid pXX3 (constructed with the lux operon (luxCDABE) and associated chloramphenicol 
resistance gene) was used (Xu et al. 2010). A stable and virulent bioluminescent strain was selected 
and used to study colonization of melon plants via leaf, stem, and root inoculations. The variety 
used in these studies was ‘Athena F1’. A very interesting video of the colonization process via leaf 
inoculation can be found in the Supplementary Video S1 in Vrisman et al. (2016). A summary of 
the colonization process from leaf inoculation is described in Figure 1 (refer to Vrisman et al. 
(2016) for results on stem and root inoculations). Movement of bacteria into the pedicel of 
inoculated leaves was detected as early as 1 Day Post Inoculation (DPI). Erwinia tracheiphila 
reached the main stem of melon plants 2 DPI. Based on bioluminescence, bacterial colonization 
of the main stem starts 2 DPI, culminating in symptom development between 3 to 4 DPI (Figure 
1). Colonization with this pathogen in young plants is an irreversible process. 
 
Figure 1. Melon ‘Athena F1’ plants colonized with a bioluminescent Erwinia tracheiphila strain. 
Details of the inoculation process can be found in Vrisman et al. (2016). The rainbow scale on the 
right represents light intensity in photons/s. The more light displayed, the more bacterial cells 
present. DPI = days post inoculation. 
With the use of bioluminescence imaging, Vrisman et al. (2016) reported for the first time 
root colonization resulting from leaf infection (Figure 2). Root colonization after root inoculation 
was first reported 100 years ago and it has been largely ignored since then. Wounded roots yielded 
62.5% colonization success while only 12.5% success was reported with non-wounded roots (Rand 
and Enlows 1916). Cucumber beetles feed on the roots during their larval stage, although it is not 
known if larvae can vector this pathogen via roots or if the bacterium can be transmitted from 
adults to eggs and subsequently to larvae (Vrisman et al. 2016).  
 
Figure 2. Melon ‘Athena F1’ plants with roots colonized by a bioluminescent Erwinia tracheiphila 
strain. Details of the inoculation process can be found in Vrisman et al. (2016). The rainbow scale 
on the right represents light intensity in photons/s. The more light displayed, the more bacterial 
cells present. DPI = days post inoculation. 
Erwinia tracheiphila is known to survive in the digestive tract of its cucumber beetle 
vectors (de Mackiewicz et al. 1998). Cucumber beetles diapause as adults in the soil during the 
winter. Beetles emerge in the spring when they start to feed on cucurbits and, potentially, transmit 
the pathogen (Shapiro 2012). Bacteria were previously found in the foregut and hindgut of 
cucumber beetles (Garcia-Salazar et al. 2000). Recent research has shown that this pathogen can 
survive at least 28 days inside beetles after acquisition with a population of 105 colony forming 
units (CFU) per beetle (Shapiro et al. 2014).  
This pathogen has been considered a single species; however, notable differences in the 
rep-PCR fingerprint profiles, especially between Cucumis and Cucurbita genera, have been 
reported recently (Rojas et al. 2013). Given the preference of E. tracheiphila strains for hosts in 
the genus from which they were isolated (Smith, 1911, Rojas et al. 2013, Nazareno and Dumenyo 
2015, Vrisman et al. 2016), it has been proposed that this pathogen is undergoing a rapid evolution 
leading to host specialization (Shapiro 2012) and occurrence of this disease in areas and crops 
previously unknown for this pathosystem (Sanogo, Etarock, and Clary 2011). 
Studies have relied solely on symptom expression to evaluate the host preference among 
strains of E. tracheiphila (Rojas et al. 2013, Nazareno and Dumenyo 2015). Vrisman et al. (2016) 
were the first to quantify the population of a Cucumis-strain inoculated in melon, cucumber, 
squash, and pumpkin. Based on the bioluminescence signal, the authors detected movement of a 
Cucumis-derived strain into the main stem of squash and pumpkin plants as early as 4 DPI. The 
signal was still detected at 6 DPI, but disappeared at 8 DPI. Plants did not wilt throughout the 
length of the experiment, which was 35 days (see Supplementary Fig. S2 in Vrisman et al. (2016) 
for more details). 
Melon and cucumber harbored more than 108 CFU/g of stem tissue when bacterial 
populations were quantified 6 DPI. When non-preferred squash and pumpkin hosts were 
inoculated with this bioluminescent strain, bacterial populations were approximately 104 CFU/g 
of squash stem tissue and 101 CFU/g of pumpkin tissue. Bacterial populations found in squash 
stems represent 0.0001% of populations detected when this strain was inoculated in the preferred 
hosts melon and cucumber. In this study, a strain known to cause disease in squash and pumpkin 
(BHKY) was used as a control. When this strain was inoculated in squash and pumpkin, its 
population inside the stem exceeded 108 CFU/g of tissue. Detailed results of these finding can be 
found in Vrisman et al. (2016). 
Interestingly, the Cucumis strain of E. tracheiphila non-productively colonized the stem of 
squash and pumpkin, and the roots of squash, even 35 DPI in this study; however, no wilting 
symptoms were observed. Similarly, no wilting symptoms were detected in cross-inoculations 
performed by Rojas et al. (2013), and Nazareno and Dumenyo (2015). Root colonization in 
preferred and non-preferred hosts could play an important role in the dissemination of this 
pathogen and should be further investigated. Larvae of cucumber beetles live in the soil and feed 
on the roots. It is not known if beetle larvae can acquire this pathogen while feeding on the roots, 
or if roots can function as an overwintering site for this important disease of cucurbits (Vrisman et 
al. 2016).  
Erwinia tracheiphila is an understudied pathogen of great economic importance. Recent 
findings on host preference, non-productive colonization of non-preferred hosts, and root 
colonization helped to better understand the biology of this pathosystem, but also generated more 
questions that, if addressed, will better elucidate the epidemiology of this rapidly evolving 
pathogen. 
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